ABSTRACT: Several research lines are required to ensure a proper disposal of sewage sludge in Brazil; among them, we may highlight agricultural use. In this sense, this study aimed at assessing the effect of exchanging nitrogen sourcing via conventional fertilization (chemical) with growing doses of composted sewage sludge (CSS) on wheat crop performance. The experiment was performed in a completely randomized design with seven treatments and ten replications, being defined as T0 (control -without fertilization); T1 (100% mineral fertilization); T2 (50% mineral + 50% CSS); T3, T4, T5, and T6 (100, 150, 200, and 250% nitrogen fertilizing from CSS). Results showed that the use of CSS increased wheat production and development, therefore enhancing its performance. Thus, exchanging mineral fertilization with CSS application raised wheat yields.
INTRODUCTION
Even though most Brazilian cities have no sewage collection and treatment system, sludge generation has increased due to population growth and socio-economic development, bringing great concern since this residue is produced in large scale. Therefore, in order to ensure a proper disposal of the sewage sludge (SS), several research lines have to be encompassed in Brazilian studies, such as agricultural uses for instance.
The SS is rich in organic matter and other key elements, being able to substitute the mineral fertilization, which plays an important role in agricultural development, keeping soil fertility (NOGUEIRA et al., 2008) and decreasing fertilization costs.
In Brazil, numerous studies have shown benefits from using SS in farming areas either for recovery of degraded areas or as partial or total fertilization of soils under forestry (ANDRADE et al., 2005; PELISSARI et al., 2009) , fruit plantation (COELHO, et al., 2011) or crops as cotton, wheat, sugarcane, soybean, black oat, sunflower, among others (FIGUEIRÊDO et al., 2005; CHUEIRI et al., 2007; CHIBA et al., 2008; BEHLING et al.; ; LOBO et al., 2012a; LOBO et al., 2013) .
According to BOEIRA (2004) , SS may release a large amount of mineral nitrogen into the soil solution few days after application, as long as conditions for organic matter mineralization are provided. All the same, LOBO et al. (2012b) reported that after composting with other farming residues, sludge C/ N ratio might reach values acceptable levels and considered suitable for application to the soil without causing major problems to the environment for nitrogen excess.
Since nitrogen is the most required nutrient for wheat plants, and it has a complex dynamics within the soil in which could be lost by leaching and volatilization (TEIXEIRA FILHO, et al., 2008) , many recent researches have aimed to assess wheat yields at varied doses of applied nitrogen, different cultivars and sowing densities (ZAGONEL et al., 2002; TEIXEIRA FILHO et al., 2008; VIANA & KIEHL, 2010; NUNES et al., 2011; PRANDO et al. 2012; COSTA et al., 2013) ; however, few of them deal with SS use.
Composted sewage sludge in replacement of mineral fertilization on wheat production and development Eng. Agríc., Jaboticabal, v.36, n.4, p.706-714, jul./ago. 2016 707 In this sense, our study focused on evaluating the effect of nitrogen fertilization via composted sewage sludge on wheat crop, instead of conventional nitrogen fertilization (or chemical), as well as assessing the effect of increasing doses of this compound.
MATERIAL AND METHODS
The experiment was carried out in pots under greenhouse conditions in the Department of Soils and Environmental Resources from the College of Agricultural Sciences of the University of São Paulo State (UNESP), campus in Botucatu-SP, Brazil. It started after the third application of composted sewage sludge (CSS), once pots had been fertilized with residues for wheat and soybean cultivation for successive cycles, whose sowings were performed in May and November 2011, respectively. The soil used to fill pots is originally classified as a dystrophic Red-Latosol (Oxisol) (EMBRAPA, 2006) . The CSS was provided by a sewage treatment plant (STP) located in the city of Jundiaí-SP, Brazil. In this STP, the generated sewage sludge is mixed with eucalyptus bark, crushed remains of urban pruning, and sugarcane bagasse. This mixture undergoes thermophilic composting with mechanical ventilation, resulting in an organic compost of sewage sludge allowed by the Brazilian Ministry of Agriculture and Livestock -MAPA. Compost chemical properties were analyzed in the Laboratory of Fertilizers and Liming, in the same university, following the method proposed by LANARV (1988) , and results are shown in Table 1 . To analyze the experiment, it was used a completely randomized design with seven treatments and ten replications, totaling 70 pots or experimental units (plots), following randomization principle (BANZATTO & KRONKA, 2008) . Treatments were defined as: T0 = without fertilization; T1 = 100% mineral fertilization (80 kg N ha -1 via urea); T2 = 50% mineral fertilization + 50% CSS application (totaling 80 kg N ha Nitrogen fertilization in T1, T2 and T3 was based on the recommended dose for wheat full development (RAIJ et al., 1997) . In treatments receiving CSS, fertilization rates were set as role of partial, total or above recommended dose by nitrogen equivalent present in the compost.
Sludge amounts were calculated according to the content of nitrogen in this organic material and its mineral fraction (30%), once the rates established by the CONAMA standard n o 375/2006 are grounded on north American values, which are specific to soils from temperate regions not from tropical ones (ANDRADE et al., 2010) . Table 2 shows the amount of CSS applied to each treatment, considering that in 100 kg sludge, on a dry basis, 1.1 kg N are applied (Table 1) , within which 30% is mineralized in the first year. 
Treatment
Composted Sewage Sludge g pot -1 (*) t ha -1 (**)  T2  153  12  T3  305  24  T4  458  36  T5  610  48  T6 763 60
*Actual amount applied, **Equivalent dose.
All treatments received complementary fertilization with P2O5 and K2O (RAIJ et al., 1997) in order to standardize the amounts of P (150 mg dm -3 ) and K (80 mg dm -3 ) in the soil.
Wheat seeds of 'CD150' cultivar (Cooperativa Central de Pesquisa Agrícola, Cascavel-PR, Brazil), derived from crossing 'CD104' and 'CD108', were sown on pots (30 seeds per pot) on May 21, 2012. This cultivar is small in height, averaging 68 cm, being moderately susceptible to powdery mildew. After emergence, thinning was carried out, leaving 24 plants per pot.
Water supply was daily made through drip irrigation, replacing the amount lost by crop evapotranspiration, which was also daily calculated based on data from a class A evaporation pan in the middle of the greenhouse.
In the course of the experimental phase, crop variables related to plant growth and yield were assessed at different times. At 60 days after emergence (DAE), we evaluated the number of tillers per plant -NTP. At physiological maturity (98 DAE), all 24 plants at each plot were collected for biological appraisal: shoot dry mass -SDM (stem + leaves, removing spikes and roots -g pot -1 ); number of spikes per plant -NSP; spike length (cm); number of spikelet per spike -NsS; number of grains per spike -NGS; grain mass per spike -GMS, which was corrected to 13% moisture (g); and grain yield per plant -GYP (g), resulting from the ratio between total grain mass per pot and the number of plants within this unit.
Data were statistically analyzed through SISVAR software and underwent variance analysis at 5% probability, and means compared by the Tukey's test at 5% de significance. In treatments that only received CSS, data were submitted to regression analysis. Significant results allowed us to build graphs that show each studied parameter behavior with increasing doses of the organic compost.
RESULTS AND DISCUSSION
It is noteworthy mention that all treatments promoted major changes on wheat yield and its components. Tillering was significantly superior in T5 and T6. Moreover, the highest doses of nitrogen promoted increases in NSP and in GYP, as seen in Tables 3 and 4 , respectively. This positive response might be related to the fact that nitrogen is one of the most demanded nutrients by wheat plants, with the role, among others, of stimulating vegetative growth (FORNASIERI FILHO, 2008) . (1) T0, without fertilization; T1, 100% mineral fertilization; T2, 50% mineral fertilization + 50% CSS; T3, T4, T5, and T6 corresponding to 100, 150, 200, and 250% of nitrogen fertilization from CSS, respectively. C.V. = coefficient of variation; SMD = significant minimum difference; Means followed by the same lower case letter within a line do not differ from each other by the Tukey's test at 5% probability. **Significant at 5% probability. Spike length and NsS had the highest averages in T4 (200% CSS), although these results had no statistical difference compared to T2, T3, T5, and T6 (Table 3 ). The regression model that best fit results of NSP, spike length, and NsS with doses of CSS without mineral supplementation was quadratic, with increasing values of NSP up to a dose of 200 kg N ha -1 via CSS (Figure 1) . The model fit equation enabled us to set points of maximum response (8.31 and 16.07) at doses of 140.8 kg N ha -1 (176% CSS) and 135.2 kg N ha -1 (169% CSS) for spike length and NsS, respectively.
Likewise, TEIXEIRA observed that N supplementation had influence on both the number of spikelets per spike and on spike lengths until doses of 60 and 69 kg N ha -1 , respectively. On the other hand, TEIXEIRA reported no significant differences when assessing wheat spike length, NsS, and NGS at various nitrogen doses (0, 30, 60, 90, 120, and 150 kg N ha -1 ). Such difference may be due to soil conditions, application manner and source of N used. (1) T0, without fertilization; T1, 100% mineral fertilization; T2, 50% mineral fertilization + 50% CSS; T3, T4, T5, and T6 corresponding to 100, 150, 200, and 250% of nitrogen fertilization from CSS, respectively. C.V. = coefficient of variation; SMD = significant minimum difference; Means followed by the same lower case letter within a line do not differ from each other by the Tukey's test at 5% probability. **Significant at 5% probability. Tables 3 and 4 , except for NTP and GYP, all variables showed no statistical variation between T6 and T2 (50% CSS plus 50% urea). This result indicates that a simultaneous application of these fertilizers (organic and mineral) may produce satisfactory results to this crop, ensuring a saving of at least 50% in mineral fertilizer.
As shown in
When comparing T1, T2, and T3, which received the same amount of N through different sources and combinations of them, variables presented a distinct behavior, as shown in Tables 3 and  4 . Under these circumstances, the highest values of NTP, NSP and SDM were observed for T2, in which mineral fertilization (50%) was blended with organic (50%) via CSS. Moreover, it is noteworthy that when using 100% CSS, there was a higher dry matter accumulation if compared to 100% mineral fertilization.
Overall, for the other variables spike length, NsS, NGS, GMS, and GYP, we observed that 100% CSS had values statistically equivalent to those of mineral fertilization (T1). Likewise, CERDA et al. (2004) , who investigated dehydrated and liquid sewage sludge uses on wheat at doses of 4 and 8 t ha -1 on a dry basis, observed a highest dry matter yield with liquid sludge (8 t ha -1 ). These same authors reported that grain yields were similar for treatments using dehydrated sludge and inorganic fertilizers. Nevertheless, CHUEIRI et al. (2007) , studying alkaline sewage sludge (ASS) as mineral fertilization supplement, concluded that ASS had a negative effect on morphological parameters and dry matter yield of wheat plants. The differences between both studies may particularly rely on chemical characteristics of the used organic residues, which vary according to the source used.
Regression model that has best fit SDM was the quadratic, with a maximum response point (43.90) at 182.4 kg N ha -1 via CSS (Figure 2 ). According to SCHRÖDER et al. (2000) , such increasing in SDM values at different nitrogen doses were already expected, once N promotes vegetative growth of plants, playing an important role on first leaf expansion, as well as on final leaf sizes and stem elongation. 150, 200, and 250%, equivalent to 0, 80, 120, 160, and 200 kg N ha -1 . *Significant at 5% probability.
GMS and NGS regression analysis showed a quadratic adjustment, whose maximum response points were 48.97 and 1.66 at doses of 127.2 and 140 kg N ha -1 via CSS, respectively (Figure 2 ). Similar findings were reported by CAZETTA et al. (2007) , who said that the number of grains per spike increased linearly with growing doses of N (0, 30, 60, 90 , and 120 kg ha -1 ), presenting higher averages at the maximum dose.
In terms of grain yield, a maximum response (3.89) was observed when using 246% CSS (196.8 kg N ha -1 ). It is best seen in Figure 2 , in which the means were fit to a quadratic equation, with an increase in grain yield as a function of growing quantities of sludge. These outcomes are similar to those found by PIETRO-SOUZA et al. (2013) . In contrast, PENCKOWSKI et al. (2009) observed that different N doses (90, 135, 180, 225 kg ha -1 ) had no significant effect on number of tillers, spikes per square meter, spikelets per spike, grains per spike, and yield, thus concluding that production components were not affected by increasing N rates.
As stated by TEIXEIRA FILHO et al. (2010) , low doses of N limit crop productivity whilst high doses may decrease that, which might bring losses to farmers once unnecessary costs with mineral fertilizations are remained. For ZAGONEL et al. (2002) and PENTKOWNKI et al. (2009) , high N doses bring yield increases, however, may result in plant lodging that occurring during grain filling restricts carbohydrate translocation in plants, interfering with production and grain quality.
The regression analysis pointed out that most of the variables showed a decreasing behavior in response to a maximum dose of CSS (250 % of N recommended dose) (Figures 1 and 2) . Other studies have shown similar results with respect to raising rates of mineral N in the soil (ESPÍNDULA et al., 2010; NUNES et al., 2011; PRANDO et al., 2012) . NUNES et al. (2011) , aiming at assessing green manure associated with mineral fertilizing (0, 30, 60, 90, 120, and 150 kg N ha -1 ) in topdressing of wheat under no-tillage, found a decrease in the adjustment curve of quadratic regression for grain yield and number of tillers, at the highest dose of N (150 kg ha -1 ). Yet ESPÍNDULA et al. (2010) observed a linear increase for number of grains per spike, number of spikes per square meter, and shoot dry mass, up to a dose of 120 kg N ha -1 . Yield averages adjusted to a quadratic model with maximum responses between doses of 80 and 100 kg ha -1 , after which dropped up to the maximum dose (120 kg ha -1 ). PRANDO et al. (2012) also noted a linear increase for number of spikes per square meter and grain yield up to a dose of 120 kg ha -1 .
The reduction on these variables due to high N doses may be associated with the high content of organic matter released by CSS, altering the C/ N ratio in the soil, limiting nitrogen supply to the plants (VICTORIA et al., 1992) . This restriction inhibits wheat response to high doses of N that were provided via CSS.
Finally, in T0, all variables had low performance when compared to other treatments, which was expected since no source of nitrogen was provided to the plants.
CONCLUSIONS
 The combination of 50% composted sewage sludge with 50% urea, substituting 100% mineral fertilization, promoted significant increases on the number of tillers per plant, number of spikes per plant, and shoot dry matter in wheat plants.
 Changing the conventional nitrogen fertilization by applying composted sewage sludge increased averages of number of tillers per plant, spike length, number of spikelets per spike, shoot dry matter, number of grains per spike, and grain mass per spike promoting greater grain yields;
 Spike length, number of spikelets per spike, number of grains per spike, and grain mass per spike were satisfactory up to a dose of 160 kg N ha -1 applied via composted sewage sludge, declining in superior doses.
 The maximum dose of 200 kg N ha -1 applied via composted sewage sludge contributed to increased grain yields.
